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m&VoPf.W£.&mtZ>Z-J±l>>ZX$>^X, buIB^I 

n^2tsccDi/>XT-«m$nT43t)v mm%mv, ® 

-ft£"f £bbXfc, IE©/<7-ft«-f SbbXiis X 
«fi££tiT^S.ri:ft'm&i:1-2>X-AbbX. 10 

1 1 5 if 1 13$© X- A b > X ; 
-5.0<fTxf2/fW'<-3.0 

fW : 74 b-JgfO±^©«^^ 

fr : r]/i%x(D±m<Dm&.&m. 

k-j-*»*5I183«©X-AU>X; 20 
1.55<(/?4T/,ff4W)/(/?2T//?2W)<2.2 

/?2W: 7-f Ki|inj©»2»©*flMk 
/?2T : v- vmX(D% 2 g*©8t» 
04W: 7-f F«linj©J|4S©«tt* 
/?4T : ^bSgT?©!£ 4 &D«MB* 

[»«9I4] Su§3S638ft«j&bTV^$l&«©IEb 

««uab^5ctft«afr5»*Hi, »*a2x 30 

JiW^JS 3 I3«©X-A b >X. 
[B»*B5] tlWJct>3K{c s E©^7-ft£*3» 
li¥iu ft©^7-ft*-i-**2#i: % IEffl^7-ft* 

^^fllC^ift-rSX-AbVXT-feoT, jiu§3fg3 
Sff3tm±©l/>X*»«SiVt*!K JECfilTOft 
ftSC ft * * C £ * W* 1 1 & X- A b b X ; 
-5.0<fTxf2/fW<-3.0 

tzie. u 40 

fK : 74 H*-C©±*©«lj*«g^ 

fr : Tum-<D±%<DMjimm, 

f2: £2#©ft(j£UEMU 

i:1-Sg»*«5E«©X-Ab>X; 

1.55<(/HT//?4W)/(/?2T//?2W)<2.2 

fe£bs 

/?2W : 7 4 mx-am 2 i¥ ffl«fg^ s 

/J2T : 7- Vmxom 2 £©tt(g* 50 



£4W: 74 Pf-C®M4ffOiff«. 
/?4T: yi/WC©J&4S©*«*, 

[»*S7] ttttflUDJIk:, JE©^7-ftWr«SB 
IWts UO/t7— ft3&1-**2Sfc» iE0^7-ft^ 
1"^^3^i:, ft©^7-ft*-rsSS4»i:, 

S¥* s ^)fr<ffl^i&1-.5X-Ab>XT-^^Ts JEteiT 
©*fr5£ftjH£-fS;ifcft1$»i:1-aX-Ab>X; 
1 . 55 < ( /? 4T//? 4W)/( /3 2T//J 2W)< 2. 2 

/?2W: 74 K*rc©» 2 
£2T : r- b«T*©^ 2 &©£«*. 
/?4W: 74 K*T©* 4 *©««*, 
/S4T : t- b«T*©^ 4 #©ttflg*. 

[|S^8] WtOOiDJit, IE©^7-ft#1-S!g 
ft©^7-ft*r**2Si: % iE©^7-ft^ 
1-5g3Pi: s ft^fc< 4 o&±©qT»PT 

«fi££ftfcX-AbbXT-;fcoT> iuI3Sg3P#3tfi:fel 
±©b>XT-«J5£^tlT43!3s HfcttT©*tt£ft»JS. 
■f £ c i: ft^i; 1" 5 X- A b > X ; 
-5.0<fTxf2/fW' <-3.0 
tzH U 

fW : 74 KJ&T-©££©«0&8§g^ 
fT : ^bSST-©£^©£u&i2§gt s 
f2:*2K©*lU&Efe 

[tt»S9] ttftflUDfil^ IE©^7-ft*1-5^ 
H©A7-ft*-r3S§2i¥iu IEffi^7-ft« 
•T-5^3pi:, S^3fe<fc**1-*4otl±©nJli»Tf 

«fiE?nfex-Ab>XT-^oT, aceiT©*fraft 

StJ£* S d i: ft««i:f 5 X- A b b X ; 
1 . 55 < ( 0 4T//3 4W)/( 0 2T//? 2W)< 2. 2 
2.0</?4T//?4W<4.0 
fe£ U 

/?2W: 7-C K*-C©» 2 »©««*, 
yS2T : 9- vmXVW, 2 »©««», 
/?4W: 7-f H*B"e©» 4 »©««*/ 
/?4T : r- bSgT-©^ 4 »©«»*, 

[lt«JB 1 0 ] iiufSg 3 3 ttei±© b >XT-^J6g 
*iiTV^Ci:ft«r«i:1-S»*ffl9E«©X-AU> 
X„ 

CiS*S 1 1 ] 3 ^ftfjii, ^jgc, IE© 

^7-ft:£1-5b>X^ a©^^7-ft^-f5b>X 
h> iE©^7-ft*1-Sb>Xi:, xm&LZtiX\^z 

tzumt-i-zmxmi , »^8xtt»^«9g3e© 

X-Ab>X. 

[■WW 12] «HB«l»4:llJB»484«, 7-f KdB 



( 3 ) 

3 

*¥Mk+swnmi, mxms, mmmi, mxms 

Xtt»*« 9 IB1CX-A 1/ >X. 
[0 0 0 1] 

-r-5fc©T-&3. ' 

[0 0 0 2] 10 

[se*©ft^] u>x^+5»^-*^7flix-Au>x 

«©3W^h{bfc*ffif*ft*j|j«-r*fc»Cs IE-IE- 
AO 3 mmi&^iE • A • IE • ft © 4 & # 

a«*aftiTV>S. fl£t& 1318836 3-4 3 1 1 5^ 

Amx-mmztiz^zx-AWsX-zits je-a-ie- 
ft © 4 mmm tzz. t c j: t> #»c * 

5. *fc. #H¥6 - 2 6 5 7 8 8*&«TJ«lES*lT 
^•5X-Al/>XTfc)U IE -ft -IE- A©4^«fi£H^ 
3«fflft*fflt*Ci:fcJ:!), 4<g£j@;L.5X-Ajt£ji 20 

[0 0 0 3] 

[ssw^ft^uiaiii-sRS] u*u ftmm&z- 

4 3 11 5^&WCft*SJlTV^X-AU>Xtt % X 

«Bi¥6 - 2 6 5 7 8 8^&*-CK*$*lT^3X-A 

Bi^feS. 30 
[0 0 0 4] **BB9tiU Z(D£otLftUlZ&frX%iZtl 
tz^OX^X, 4. 5^*>^,6fggS©X-Aifc^* 

[0 0 0 5] 

[«W*«P»rs &»©*«] ±§3ifl9*«J«f*fc 
ifc. il©^OX-Al/>Xlt WtflUDlICix IE 

IE©^9-fc:rr*3S3Sfcx ft«D^7-**r« 
SMgfc, W PJUfr^HIIKOX-SV 40 

^ t i3V i T milB&ili^fWPJlfc £ X— A 1/ >XT- 
&ot, Hul3^1^* s 2fe©U'>XT-«fiE$nT43?), 
fjl3^3P*s, «ttfil*t>jGC« IE©^y-&*1"5l/ 
>Xt, ftO^-S^rrsUVXi:, jE©^7-^* 

[ 0 0 0 6 ] £ 2 ©$gfE©X-A 1/ >Xtt, ±§3H 1 © 
-5.0<fTxf2/fW'<-3.0 

feSU 50 
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fW: 7-f KSgT-©±^©^!§St, 
fT : ? l/«re©£JR©*!U!lffi* 
f2:fg2S|©£0SSBSt > 

[ o o o 7 ] m 3 ©»e©x-a u >xb\ ±mm 1 © 

1.55<(/?4T//?4W)/(£2T//?2W)<2.2 

£2W: 7-f H*ST?©*2#©*f&* % 
/32T : ^ U^T-©£ 2 g©«fg*s 

/?4T : y U*rc©JMS©««* 

[ 0 0 0 8 ] m 4 O^HJ©X- A V >Xtt, ±E» 1 , 
»2Xtt*3©»l!©«*C43^Tx mil3£3»§«fie 
UT^5$)ftfl!l©IEl/>Xiu *©&{!IJc:(li@1-3ft b 

•5. 

[ 0 0 0 9 ] m 5 ©$PJ3©X-A U >Xtt, tjfrfflji 5 
53§28?h, iE©;t7-*£*-3S63»i^ ft©^9- 

x- $ >xc *^TSirE&»#i^«ii:g«-*-sx-A 

UVXTfcoTx Hu!3»3Htf3«CW±©b>XT-«^ 
.^nTi>5, W.£lU.T<D0kft$ t Zm%.*2>Z £%!&&> t 

-5.0<fTxf2/fW' <-3.0 

fW: 7-f FWrc©±*©*WtE* 
fT : ? l/tf"C©±*©*lUM§|* 
f2: £2$©flUiMgBx 

[ 0 0 1 0 ] % 6 ©#gBJ§©X-A V >X(i, ±B» 5 © 
»W©*j«K:*v^ KCWT©*« s afe»S-rsc:fc 

1 . 55 <( /? 4T//? 4tf )/( 011/0 2W)<2. 2 
fc£ U 

/?2W: W K«BT?©*2S©*fll#* 
02T : ^HBtf©* 2 »©««*, 
/?4tf : W KJB7f©»4»©«flS*x 
/?4T : 5 l l/*Btf©»4S©«flgf*, 

•efts. 

[0 0 11] &7©$8W©X-At/>XttU «H*iW«tt» 
%%2Wtt, jE©/t9-**fSi63iti^ ft©rw- 

x- ^ >7\z&^xmiz&mmmm®witz>z-A 




5 

1.55<(/?4T//84W)/(/?2T//S2W)<2.2 

02W: 7Y K«rtJ©!l2»©««* % 
021 : =r UiftX-om 2 & ©fitfg^ 
/?4W: 9-f K*Tf©»4»©«f8*, 
£4T : x USST-©^ 4 

[0 0 12] i8C^i@fflX-Al/>Xlt «WW«fc9 
4 ott±©^»8¥T-«fi££iT.fcX- A b >XT 

-5.0<fTxf2/fW <-3.0 

fW : F^T-©£m©«u&S§&L 
fT : TlsmZ'<D±m<D&fi8£.M, 

[ 0 0 1 3 ] Sg 9 ©3SHJ3©X-A V >Xtt, ®#M£ *) 

3£S2g¥i:, iE<DW-%G+zm3mt, *(!>%<£ 
•fe^-T S 4 otl±© Ui)PT-«fiK$nfcX-A Ix >XT- 
^t, SfcttT©^5S*il£*3Ci:fc1#*i:*- 
3. 

1 . 5 5 < ( /? 4T/ 0 4W) /( 0 2T/ /9 2W )< 2 . 2 
2.0<£4T//?4W<4. 0 

yff 2W : V-i K*B-e©* 2 

/?2t : ^uarc©* 2 

/?4W: 7<f K#CO»4»0«fi* 
/?4T : 7- Ui%X-<Dm 4 #<Z>ttft¥ % 

[00141JK10 ©$PJ§©X- A U >Xfc£, ±ffi* 9 
©»W©#MW:#V^ fflB«3»*»3ttW±©l/>X 

[ 0 0 1 5 ] » 1 1 ©$gBJ3©X-A U VXti, ±§BSg 

7, *8xtt*9©*m§©«iac*^T, me* 3$ 

ttfMI^&JHE:, iE©^7— ft 

[0 0 16] mi 2©^©X-AW>XI±, ±E» 
1, »5, *7, JB8Xtt*9©*W©*J«C*V>T, 
tt8Bftl£2:f<llB!ft4fttf. <7^f FSgi^Hg^oX 

[0 0 17] 

[»9!©iOS©»»] «T, *»H*flMl/fcX-Al/ 

i ~?g 5 ©hss©^©x-a u -yx^ix^tmmt 




6 

^u-a>£>. a-u>x«^Hi|'o*ataj(j=i.2,3,4) 

tts 7-f KJS[W]i»?,TpS|S[Th©X-5 >yiz&\f 

fz. ftl/>X*jaiat>x ri(i=l,2,3,...)*sftSnfeB 
tt*Mt«*»6»*Ti*E©HTJ*!) % rit«W4«ftafft 
fcBtt#«H*fc*. di(i=l,2,3, . . . )#tt£ftfeifi± 
SMHItiu «»«*6*itTi*S©»±ffllBIPH©5 

[ 0 0 1 8 ] m 1 ~g 5 ©mB©^iBtt, Wfcfl!l<£ b « ' 
10 £ s E©^9-S*-r*»l»(Gpl)4:, ft©/^7-£ 
**-**2S(Gr2)i:v E©^7-fe#1"**3W(Gr3) 
t. »©^7-*«1-*»4B(Gp4)k, 7 

-f Ktf[w]*&yi/«[TK©x-$>^c*s^-t£» 

(Grl~Gr4)iMjWti8C»ttf * X-A U>Xt* 5. V^ 
TO©*J(S©#»fc*V>T^ IS2i|(Gr2)i:M53f?(Gr 
3)fc©Hfclk *38(Gr3)i:#CX-A£»1- 
(A)tfEB3JlT^3. 

[ 0 0 1 9 ] m 1 ©$lt©J£lg(H 1 )fcfcv^ 
{±v «rt*«*6*CWT©J:^C«J«*fiTV^*. *1 
20 «(Grl)ttx *#«fcfl©a.*=X*Xl/>Xi: x ftf* 
fl!ltfl©IEp«=^*XU>Xi:, TflSjEifc^flT^S. Sg 
2»(Gr2)H\ ifiegoA 1/ >X(««JB®##J*iS) i:, 
**«fci!i©iL*=X*Xl/:/Xi:, 
5. ^3H(Gr3)(±, M£i©IEV>X(G3A)fc, REOOft 

u>x(G3B, ®mmwmm)ts wmizwojE* 

*tfMBCOnffl¥IHll'>Xfc, Z-m&iZhX^Z. 
[00 20)12 ©£tE©JBJ£(H 2 )£ *>^T. 
30 fcj\ «MWIIfr6*t:eiT©J;dK:*fiR**iTV^. £1 
SKGrl)l±, «MWitia©ft/=X*Xl/>Xi:«rt*ffi 

fcfi©iE^=xAxv>xfc*&jaasE^i/>x-cflijs 

**ITV^4. ^2i¥(Gr2)ii, pjDDOftl/>X(4W*«ffi 
4 s ^«S)i:s «MMBCO©iE^=X*xu>Xi:» T- 
mmZtlT^Zo ^38¥(Gr3){±, Rdi©Il/>X(G3A) 
^ MCa©ftU>X(G3B, H®^«S)i:,.tl*ffi!lC 
P3©iE^-^*XU>X(G3C)i:, Z-m&ZtlZ^Z. 
JB4»(Gr4)tt, »fiifc:0©iE^-X*Xl/>X(Pffl# 
ttt<WKGfl©¥IHIP>Xi:s T-«fig$nT 

40 V^5o 

[ 0 0 2 1 ] m 3 ©Xft©&JR(H 3 )t*V^T, 
tt, •»«*»6*CWT©J:dK:«lJ58*nT^*. »1 
»(Grl)tt, iJ*«tfl©A^^XAXU>Xi:%itt<pi| 
C flOIE^ -X A ^ U >X * 5»J5£2)g^ V > XT-«fiE 
*ilTV^4. ^2^(Gr2){i, FoGD©Al/>X£:, 
«|{cCj©IE^=X*^U'>Xi:, T•«JES$^^TV^i» <> MS 
3^(Gr3){i, pfl©]Il/>X(G3A)i:, ^{Pi|(C[H]©ft^ 
^X*XU>X(G3B, ^ftflaatf^fflJhx 
©I^-^5!j^U>X(G3C)i:, ■e«fiS$i^•rv^5. ^ 
50 4»<Gr4)tt % *«Cfl©Ey=^*Xb>X(PilB* 1 * 
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[0 0 2 6] &m&mm<D£5 C % »{*«:&»&IE • A 
• iE©l/>X»(Grl~Gr3)ftil>a < £b%t% 4ofiLt 

©^tt#**j«3iifcX-AU>XC:feoTttx wt© 

*« : S(l)fcaiS-*-SCi:* J 3*U^. 



[ 0 0 2 2 ] m 4 ©£tt©JBft(B 4 )C*V^Ts 



-5.0<fTxf2/fW' <-3.0 -(1) 



$flTV>S. »2£(Gr2)tt, WH©AH'X&, «tt fW: 74 KSH[W]-C©£JK©«lj6JH* 

fflfcfl©jE/=;**;*U>XJ: % TlftSSft-C^S. * fT : ^UiStTlTO^SOJ&SUSBU 

3 S(Gr3)tt; SioCrOIE U >X(G3A) hP0IH]©A 1^>X(G f2 : $ 2 »(Gr2)©AUWE*. 
3B)t*>f>f&5&l§rl/>Xi;, ^fl©IEU'>X(G3C, & 10 Tf*4. 

®mwmm)t, -em&ztix^Zo S4P(Gr4)i±, [0027] ^s(i)(±, i/>x*©««fgfljfc3> 

*«ICia©jE^=X*XU>X(IIB#*»ili)^ ttit hfcfc©ii:4&ia3fc»©lfef ! M6ffl*» gfgtb£*f 

flBCEKDWDl^Xi:, T»*lJ5ESnT^*. f*SI 2»(Gr2)©J«U»Sli©ifc'eaj£bTV^S, jfeff 

[0 0 2 3] »5©SBfi®«M(H5)C*Vvtx &8 5$(l)©±IS£j®;LSi:s *28(Gr2)®«U&B**sft< 

tlfr«91* i &Ji^T©«kdtm$nTV>S. SI &3fc«> % l/>X»©£**'.h8Hb 

8KGrl)l±s ®#.M£a<Dn*=ZljZ\s>Z£%Hm tZZtttSmtttZo iS*tc. *ftSC(l)©T»ftiBit 
Cfl©iE^=X*^W>Xi:*6jas«*b>X-e«j« ' S2S*(Gr2)©M^8t#£<£ t>> S2P(Gr2) 

SflT^S. *28(Gr2)tiu WHCAl/ >X(«3fMPJS "C»fir*ll!l^071/7 , -OliI*«Hlifca*. 

^«fc£!i©iEjt=X*;*l/>Xfc % X- [0 0 2 8] *fe#HfiE©^©«ta *M*«*»&IE 
#fjE££*lTV>5. S31*(Gr3){i, MiIb©iEU>X(G3A) 20 • A • IE©l">Xf*(Grl~Gr3)£'>& < i: 4c 

<MHfc0a©A*=**Xl/:'X(G3B, 4M*flffii#$ ei±©q!i&»T-«JER$n3feX-AI^>Xt:43V%Ttt, JW 

Mfl©iEl/>X(G3C)h, Tf«/SS*iT^S. T©*fra(2)fc»J£-*-*£i:#S$U>. 

»4»(Gr4)tt % ^KflOIEpt^^l^Xtiifatf 1.55<(>S4T//?4W)/(/?2T/ i S2W)<2.2 -(2) 

OS. C©gS5©|S|5E©tfJ<§T-{± s X-SV^ifCSBl /S2W : 74 K*[W]T?©«2»(GrZ)©«fi*x 

»(Grl)fc»4S(Gi4)fc#-#fc:#IM-S. Jl l»(Gr /32T : 5 i I/«[T]Tf©SB2»((W)©««4k 

l)k»4»(flr4)k*-(W9fcflnWt««C , *-»i:4:C /34W: 74 P*[W]Tf©84S(Gr4)©ttflg* % 

•ttJs SI»«||£#$SK:«:«. /?4T : ^l^[T]T-©i£4||(Gr4)©«tfg^ 
[0 0 2 4] V^ii©IUfi©JK*'tt*l»(Gpl)*«2tSc 

©UVXTlMUrftT*^ KC»2H(S5©jgt©« 30 [ 0 0 2 9 ] jfeftS(2)tt» 1/ >X*©*a£ffiMbfc3 > 
«H?tt*©2tt©l/>X]W^l/>Xfc*|«LT^.5. WbSMfl5-*-*fc»©*fW6H^ S2aKGr2) 

Sfcs lr^*l©*«©»»*»JS3»(Gp3)tfs EU>X T-©£m^Ml4i*(Gr4)T-©£teith©Jt$T-M£U 

(G3A), ftl/>X(G3B)St5Il/>X(G3C)*?>^t)s 5 TV>i>. IE • A • IE • ftffl4^«fiE**-rS-flSW&X 

(CS4©HJg©^T-ttIEV>X(G3A)i:Al/>X(G3B) -Al/>X(*8HHg6 3 -4 3 1 1 5 

fcjWfrAH/XSIDSUT^S. ft 2 ~« 5 ©*»©)£ 2P(Gr2)T-^<SSfTdS!l^* 5 ^<«:5ffilRlK:fei >0 * 

«C*(tSSl?l(Grl) J f'S4©||Ji6©^*S{c43ltSS #SlirettiM»(Gr4)©««Affi4*^*1:Ci:fc J: 

3#(Gr3)©J;5Cs jEU>XfcAV>XtT-gE^l^> tK l/>X£ft©/M!Hb£0oTV>S. £f*5£(2)©± 

Xft*J0W-*Ci:CJ;t>, %t)ftV^3E«MflJStfffJ|LtC ESSiS^Silv MS4»(Gr4)©jEffifjlfi<)J]l5<*t>aj? 

as. Sfex fflaiBIHtfsEa&v^-enw^f hflsftJI Sfeto, S4»(Gr4)T-^P, 7-f l»K©*fc±i:HW.© 
J«-r*±T*iPJfcS:4. 40 JB^£A$?fc^7>XStfS£fc#EJiC&5. 5S»t s 

[0 0 2 5] ftSUfi©JK«©idtx «fc, ^5«2)©TIR4S*3i:£6#*a{b*S. 

jE©^9-*^-rs*l»(Grl)fc, fl©^9-ft«1- oTs 3 Wt* MbfcV^J&tff* U < feO. 

«SS2»(Gr2)t % iE©^7-Set*»3*(Gr3)fc, [0 0 3 0] W.^&rf<D^rA(3)^m&-fiZt.1fim 

*>Pte < £ fefrtS 4 •Ott±©pJS!)P^«fig ^nfeX- tU^. 

AU>XT-(i, »3»(Gr3)#, tttttl* IE© 2.0</?4T//34W<4.0 -(3) 

^7-S*1-SL'>X(G3A)t, tk<DW-Z%?ZV [0 0 3 1] jfe«3C(3)Hu £ 4?|(Gr4)©?£{g]t£*i£ 

>X(G3B)i:s E©^7-**-r«U>X(63C)4:, T-«t LTOS. a^SC(3)©±|RS«*.Si:!M»(Gr4)©a 

fiE*ii*Ci:*»a*l/V^ S3^(Gr3)SC©«t5H« fiAfi** < «: 5 » S4i¥(Gr4)f5 1 l/, 74 KB#©« 

fi£-TSCi:K:j;t), S3SKGr3)T-©«BM.©fg*fiiRM ±ttt^©iKM§A5f(c;-57>^^-li-SCt4 s Biit* 
SAfftcffllE-rschtfT-gS. 50 5. Its ^(3)©TISSm5J:M4 i mt 



( 6 ) 



ttH 2000-1 80725 
10 



5. bfetfoTs -3yrt>7 Mbi:^?;Sn?#£b<& 

[0 0 3 2] *& % *1~*3, *5©Sas©JB»OJ: 
a fc> « 3 P(Gr3 )©ft 1/ > X(G3B ) C#*H * 'J>* < £ 
lBfflV>3Ci:#S*bV>. Sl/>X(G3B)© 
®&{PJlBt#SB£KttSCfc#, &#&ttf6£fll«-f 
S±T**»T-feSo gW^X(G3B)©Sfe#4MB 

©iot(±, jrF©*fl=sc(4)£sts-rs£j:#st;b 

-0. 02< 0 3 • (H' -N) • (d/dy) • {x(y )-x0(y)}<0 -(4) 

x(y)=(r /e)-[]-V r <l-e 





<Z5 3 


SS3S(Gr3)©y<'7-, 


N 




N' 




x(y) 


##B©BflJtts 


x0(y) 


##B©#MI£Bff£tfU 



10 



•<yV r 



T-h\)s x(y), xO(y)»±aT©S(AS),(EE)T-*tl^n^ 
[0 0 3 3] 

mi] 

y') -(AS) 



(At- 

i£2 



x0(y) = 'r-[l-v r {l-« «(y 2 / r 2 ))] 
fcfc'U A (AS) a If (RE) «K 

Ai : if*itW#»B#», 

r : **®WJ5tttt*#a{(l/r) = (l/ r H2-A2K 



• (RE) 



[0 0 3 4] *ffSC(4)tt % 3»iWUtRt)W|.**07 

JSLTH*. C©£{$«(4)©±KB£jg;LSi-, X-A 
±$T-«Bi|^#T>^-^#Jft SMfttf* b < fc 5 

SC(4)©TIR*jB*.Si^ X-A^T-^fflJtSfH^- 

«©ffl|q|* S *b<a*. 

[ 0 0 3 5 ] ft*. 8 1 ~* 5 ©5«6®JK»ft«i«bT 30 

X^T% £Sf£#§J&bTfc«kW 
[0 0 3 6] 

[M*J] WT> *^B^S^SSbfcX-Ab>X©«fi£ 
CJItttttttUJ-J-S. fc*\ ttTlc«tfcr*SOSWl~5 40 

au tusE b&» i ~g 5 ©jsaso»»c*n*n»j6i b 

^il^tl^bT^S. 

[0 0 3 7] ft|Q6«©3>Xb5i'S/3>5 J -^C* 
V>T> ri(i=l,2, 3,... &»itTi*I©HO 
di(i=l,2,3, . . . )tt»fttH*&R*.Ti*B© 
W±®F^H^bTi5f)^ Ni(i=l,2,3,...),vi(i=l,2, 
3, . . . )t£4MttMfr &ft*.Ti*i© 1/ >X©d^{c^1- 



W±®HH(nJ^HIl)<i. 7-f KJg(JSM^ffiSiJS)[W] 

«D[T]tf©#»l«Oltt±fflAIHIIHTf*«, &«U£SBSt 
tt»[W],[M],[T]C»j6-j-*±3RO«UlWE«faVF 

^w\--fno£0h*t^i\ 

[0 0 3 8] tfe> ffl4MM?riC*ft#tt$ft£Bf±x 

ymax : ^ffi©3fcttC^bTSiS*|qI©g^:iS?(«^t 
*»*g)T?ftS. }^ffe©7 J -^fc#-yrT^U ffe©lfc 
#5S©#J&ttfc* 1 fc5**. 

[0039] H6~0i o&m&.mi~$mm5fc*ti 
^tittmtz&mmT'&is [wit*?* rm, [M]tu 

K;i/, [T]tt5 l H||C*W-5BliRil(S*»6«Cx 

S)o *& % =&JRHia*x ||*(d)ttd|»fc»-rSJR 
M, »a(SC)ttIEKSfcft*«UT:&D, 5fe^(DM)i: 

d s ) lis * y 7 s -< * i-ium t v y * t © d fa 

[0 0 4 0] 



11 



f=22. 5-70.0-126.0 
FNG= 5.7- 7.2- 10.2 

im*m m±mmm uaxm i7?«m 

rl= 14.386 

dl= 1. 000 Nl=l. 84666 v 1= 23. 82 

r2= 11,869 

d2= 0.100 

rfr 12.132 

d3= 2.800 N2=l. 48749 v 2= 70.44 io 

r4= 44.822 

d4= 1.200-12.000-15.000 

r5*= -50.721 

d5= 0.700 N3=l. 77250 v 3= 49.77 

r6= 9.305 

d6= 1.300 

r7= 11.191 

d7= 1.500 N4=l. 84666 v 4= 23.82 

rfc= 22.081 

d8= 6.527-1.919-0.650 2 0 

r9= oo(A) 

d9= 0.100 

rl0= 9.648 

dl0= 3.000 N5=l. 48749 v 5= 70.44 

rll= -20.116 

dll= 0.100 

rl2*=432.945 

dl2= 1. 200 N6=l. 84666 v 6= 23. 82 
rl3= 26.540 

dl3= 1.000 

rl4= -44.028 

dl4= 2.500 N7=l. 48749 v 7= 70.44 

rl&= -9.006 

dl5= 7.748-2.564-0.500 

rl6*-19.111 

dl6= 2. 400 N8=l. 62017 v 8= 24. 01 

rl7*=>-11.238 

dl7= 1.525 

rl8= -8.061 

dl8= 0. 800 N9=l. 75450 v 9= 51. 57 

rl9= oo 

[ 0 0 4 1 ] m 5 E(r5)©#SfcB^-* ] 

[»1 2®(rl2)©*f1=a(4)©?**fitt] 
•(d/dy)-{x(y)- 
•(d/dyHx(y)- 
•(d/dy)-{x(y) 
•(d/dy)-{x(y) 
•(d/dyWx(y) 
•(d/dy)-{x(y) 
.(d/dy)-{x(y) 



(7) #112 0 0 0- 1 8 0 7 2 5 

12 

e= 1.0000 
A4=-0. 74896 xlO"* 
A6= 0.49697x10"' 
A8=-0. 48034 xlO"' 
A10= 0. 14101 x 10" 1 
A12=-0. 15951 x 10"" 

[0042] [in mirizwmmy*-* ] 

d= 1.0000 
A4=-0. 32194 x Iff 1 
A6=-0. 57420x10"* 
A8=-0. 91327 xlO" 1 
A10=-0. 30354x10" 
A12= 0.16114x10-' 
[0 0 4 3] mi 6H(rl6)©^Bx-^] 
e= 1.0000 
A4= 0. 88130 xlO H 
A6= 0. 18653 xlO* s 
A8= 0. 45085 xl0' T 
A10=-0. 25756x10" 
A12= 0. 26950 xlO' 1D 
[0 0 4 4] [*1 7B(rl7)©#«ffl^-^] 
e= 1.0000 
A4=-0. 53907 xlO" 4 
A6= 0. 20838 xlO' 1 
A8=-0.76811xl0 _< 
A10=-0. 56352 x 10" 
A12=-0. 64868 x 1 0~ 11 
[0 04 5] - 



y=0. lymax — 


03 


(N'-N) 


y=0.2ymax •■• 


03 


(N'-N) 


y=0.3ymax — 


03 


(N'-N) 


y=0.4ymax ■•■ 


03 


(N'-N) 


y=0.5ymax — 


03 


(N'-N) 


y=0.6ymax — 


03 


(N'-N) 


y=0.7ymax — 


03 


(N'-N) 



-x0(y)}=-6.075xl0 l 
-xO(y)}=-4. 868x10' 
-xO(y)}=-l. 649x10" 
-x0(y)}=-3. 933x10" 
-x0(y)}=-7. 767x10" 
-x0(y)}=-l. 366x10" 
xO(y)}=-2. 227x10" 



( 8 ) 

• 03•(N , -N)•(d/dy)•{x(y)-xO(y)}=-3.444xlO■ , 

• 03- (IP -N) • (d/dy) • {x(y)-x0(y)}=-5. 112 x 10" 

• <f> 3 • OP -N) ■ (d/dy) • {x(y)-x0(y)}=-7. 302 x lir 1 

£= 1.0000 



imam ir^m 



13 

y=0.8ymax 
y=0.9ymax 
y=l . Oymax 

[0 0 46] 

1=20.5 -54.0 -97.6 
FNO= 5.74- 6.86- 9.0 

rl= 12.896 

dl= 1.000 Nl=l. 84666 vl= 23.82 10 

r2= 10.509 

d2= 2.800 N2=l. 48749 v 2= 70.44 

r3= 34.748 

d3= 1.400-8.500-11.000 

r4*= -56.717 

<J4= 0.700 N3=l. 77250 v 3= 49.77 

r5= 7.690 

d5= 1.300 

r6= 10.361 

d6= 1.500 N4=L 84666 v 4= 23.82 2 0 

r7= 21.555 

d7= 5.502-2.470-1.195 

r&= oo(A) 

d8= 0.100 

r9= 8.355 

d9= 3.800 N5=l. 48749 v 5= 70.44 

rl0= -14.886 

dl0= 0.100 

rll*=-74.817 

dll= 1.100 N6=L 84666 v 6= 23.82 30 

rl2*= 37.804 

dl2= 0.700 

rl3= -31.334 

dl3= 2.000 N7=l. 48749 v7= 70.44 

rl4= -7.921 

dl4= 5.884-2.081-0.500 

rl5*-15.477 

dl5= 2.400 N8=l. 62017 v 8= 24.01 
rl6*= -9.595 

dl6= 1.404 

rl7= -7.241 

dl7= 0. 800 N9=l. 75450 v 9= 51. 57 

rl&= co 

[0 0 4 7] [»4H(r4)CD#3«iB5 ff -*] 

m 1 1 mru)<D&ft&w®ttfom 

■ y=0.1ymax ••- ^3•(N , -N)♦(d/dy)•{x(y)-xO(y)}=-9.143xlO- , 

y=0.2ymax 03•(N , -N)'(d/dy)•{x(y)-xO(y)}=-7.398xlO- , 

y=0.3ymax - 03-OT -N)«(d/dy)'{x(y)-x0(y)}=-2.544xl0- 4 

y=0.4ymax ^3*(N , -N)^(d/dy)'{x(y)-x0(y)}=-6. 186xl0 H 

y=0.5ymax - 03- (IT -N)-( d/dy) «{x(y)-xO(y )}=-!. 246 xlO" 



&m 2 o o o 

14 



18 0 7 2 5 



A4= 0.16693x10" 
A6= 0.35720x10" 
A8=-0. 41690x10" 
A10= 0.11563x10" 
A12=-0. 12786x10"' 
[0 0 4 8] mi lBfrll)®**^--*] 
e= 1.0000 
A4=-0. 42156x10" 
A6=-0. 63031 xlO" 
A8=-0. 22793 xlO" 
A10= 0.96477x10" • 
A12=-0. 29544x10" 
[0 0 4 9] mi 2H(rl2)©*«H7 ; -^] 
e= 1.0000 
A4= 0.10408x10" 
A6=-0. 72583x10" 
A8= 0. 43445 xlO" 
A10= 0.57842x10** 
A12=-0. 50956x10" 

[0050] [»i smrivoimm?-*] 

1.0000 
A4= 0.22465x10" 
A6=-0. 24264x10" 
A8= 0.28360X10" 
A10=-0. 86591 xlO" 
A12= 0.96741x10"' 

[ o o 5 1 ] m 1 6 miTiGXDjmmr-* ] 

1.0000 
A4=-0. 21833x10" 
A6= 0.27031x10" 
A8=-0. 12878x10" 
A10= 0.34322x10" 
A12=-0. 58386x10"' 
[0 0 5 2] 



( 9 ) 

03'(N' -N) • (d/dy) • {x(y)-x0(y)}=-2. 227 x 10" 
0 3 • (M* -N) • (d/dy) ■ {x(y)-x0(y)}=-3. 664 x 10" 
<f> 3 ■ (V -N) • (d/dy ) • {x(y)-xO(y )}=-5. 662 x 10" 
0 3 • (If -If) • (d/dy ) ■ {x(y)-xO(y) }=-8. 349 x 10" 
0 3 • (IT -N) • (d/dy) • {x(y)-xO(y ) }=-l . 193 x 10" 
£= 1.0000 
A4=-0. 37097 xlO" 
A6= 0.79853x10" 
A8=-0. 11445 xlO 1 
10 A10= 0.45565x10" 
A12=-0. 50908 XlO" 



15 

y=0.6ymax 
y-0.7ymax 
y=0.8ymax 
y=0.9ymax 
y-1 . Oymax 

[0 0 5 3] 

f=22.6 -70.0 -107.2 
FNO= 5.7 - 8.87^ 10.14 

rl= 15.878 

dl= 1,000 N1=L 84666 vl= 23.82 

r2= 12.635 

d2= 2.800 N2=L 48749 v 2= 70.44 

r3= 62.157 

d3= 1.839-11.000-15.000 

r4= -50.000 

d4- 0.700 N3=L 77250 v*= 49.77 

r5= 10.024 

d5= 1.000 20 

r6= 11.321 

d6= 1.500 N4=L 84666 v4= 23.82 

r7= 22.204 

d7= 7.234-2.578-0.800 

r8= oo(A) 

d8= 0.500 
r9= 8.611 

d9= 2.400 N5=l. 48749 v 5= 70.44 

rlO=-170.568 

dlO= 0.452 

rll*= 43.051 

dll= 1.200 N6=L 84666 v 6= 23.82 

rl2= 17.783 

dl2= 1.000 

rl3=-465.925 

dl3= 2.200 N7=l. 48749 v 7= 70.44 

rl4= -8.683 

dl4= 6.717-1.882-0.500 

rl5*^30.177 

dl5= 2.200 N8=l. 62017 v 8= 24.01 

rl6*^14.033 

dl6= 1.957 

rl7= -7.544 

dl7= 0. 800 N9=l. 77250 v 9= 49. 77 

rl8= oo 

[o 054] [mi lmriDtDimmf*-*} 

[mi lii(rll)CD^SC(4)(0»J6«] 
y=0.1ymax »■ 03«(N , -N)'(d/dy)'{x(y)-xO(y)}=-4. 208x10** 
y=0.2ymax - ^3«(N , -N)«(d/dy)'{x(y)-xO(y)}=-3.330xlO- 1 
y=0.3ymax - ^3-(N , -N)*(d/dy)-{x(y)-xO(y)}=-1.108xlO- < 



^582 0 0 0- 
16 



18 0 7 2 5 



[0 0 5 5] Kl smrlWfttimy*-*] 
e= 1.0000 
A4=-0.51565xl0" 
A6=-0. 24325x10" 
A8= 0.35139x10" 
A10=-0. 79240x10" 
A12= 0. 61680 xlO" 10 
[0 0 5 6] mi 6ffi(rl6)©##iSx--*] 
£= 1.0000 
A4=-0. 27425x10" 
A6= 0. 22598x10" 
A8=-0. 11907x10" 
A10= 0. 52828x10" 
A12=-0. 79447X10"' 
[0 0 5 7] 



17 



( 10 ) 



2000-180725 



18 



03-(r-N)-(d/dy) 
03-(N'-N)-(d/dy) 
03'(N'-N)'(d/dy) 
03-(N'-N)-(d/dy) 
03*(r-N)<(d/dy) 
<*3-(N'-N).(d/dy)- 
^3'(N'-N)'(d/dy)« 



y=0.4ymax 
y=0.5ymax 
y=0.6ymax 
y=0.7ymax 
y=0.8ymax 
y=0.9ymax 
" J - y=1.0ymax 
[0 0 5 8] 

f=22.6 -70.0 -107.2 
FN0= 5.9 - 9.09- 10.16 

rl= 17.152 

dl= 1.000 H1=L 84666 vl= 23.82 

r2= 13.750 

d2= 2.800 N2=l. 48749 v 2= 70.44 

r3= 79.178 

d3= 1.200-10.000-15.000 

r4= -27.331 

d4= 0.700 N3=L 77250 v 3= 49.77 

r5= 13.864 

d5= 1.300 

r6= 15.746 

d6= 1.500 R4=L 84666 v 4= 23.82 

r7= 37.437 

d7= 7.237-2.219-0.650 

r8= oo(A) 

d8= 0.500 

r9= 9.392 

d9= 2.800 N5=L 48749 v 5= 70.44 

rl0=-158.267 

dl0= 1.200 N6=L 84666 v 6= 23.82 

rll= 35.282 

dll= 1.000 

rl2= 14.999 

dl2= 2.400 N7=L 48749 v 7= 70.44 

rl3*=-18.446 

dl3= 6.499-1.953-0.500 

rl4*=-32.932 

dl4= 2.200 N8=L 62017 v 8= 24.01 

rl5*=-16.032 

dl5= 2.364 

rl6= -7.404 

dl6= 0.800 N9=l. 75450 v9= 51.57 

rl7= oo 

[ 0 0 5 9 ] m 1 3 m(rl3)(DjmmT-t ] 
€' 1.0000 
A4= 0. 38266 xlO' 1 



My)- 
My)- 
My)- 
My)- 
My>- 
My)- 
My)- 
10 



20 



xO(y)}=-2.590x!0 H 
•x0(y)}=-5.019xl0 ( 
x0(y)}=-8.695xl0- 4 
x0(y)}=-l. 402x10" 
x0(y)}=-2.151xl0- J 
xO(y)}=-3.165xlO" J 
x0(y)}=-4.475xl0 _1 
A6=-0. 47417x10*' 
A8= 0. 79075 xlO"' 
A10= 0. 12182 x 10*' 
A12=-0. 48378 xlO" 

[0 0 6 0] mi 4B(rl4)©^«HT r -^] 

£= 1.0000 
A4= 0.60586x10** 
A6= 0. 32878 xlO* 1 
A8= 0.21370x10" 
A10=-0. 27707 xlO*' 
A12= 0. 37140 xlO- 

[0 0 6 1] [il 5H(rl5)©^«iB^-^] 
e= 1.0000 
A4=-0. 15852 xlO 1 
A6= 0. 63471 x 10"' 
A8=-0. 49496 x 10" 
A10= 0. 15748 xlO 1 
A12= 0.41834xl0 M - 

[0 0 6 2] 



50 



( 11 ) 



2000-180725 



19 



20 



f=22.5 -70.0 -126.0 
FN0= 5.6 - 7.39- 10.06 

im*m [«±ffiWH] mam irv«m 

rl= 15.506 

dl= 1.000 Nl=l. 84666 vl= 23.82 

r2= 12.745 

d2= 2.800 N2=l. 48749 v 2= 70.44 
r£= 51.354 *: 

d3= 1.200-11.131-15.000 io 

r4*= -60.847 

d4= 0.700 N3=l. 77250 v 3= 49.77 

r&= 10.002 

d5= 1.300 

r6= 11.811 

d6= 1.500 N4=L 84666 v 4= 23.82 

r7= 21.590 

d7= 7.325-2.590-0.650 

r8= °o(A) 

d8= 0.100 20 

r9= 8.665 

d9= 3,200 N5=l. 48749 v 5= 70.44 

rlO= -73.554' 

dlO= 0.100 

rll*= 22.821 

dll= 1.200 N6=l. 84666 v 6= 23.82 

rl2= 12.872 

dl2= 0.700 

rl3= 125.081 

dl3= 2.500 N7=l. 48749 v 7= 70.44 

rl4= -10.135 

dl4= 7.625-2.429-0.500 

rl5*^14.652 

dl5= 2.400 N8=L 62017 v 8= 24.01 

rl6*= -9.400 

d!6= 1.050 

rl7= -8.081 

dl7= 0.800 N9=l. 75450 v&= 51.57 

rl8= oo 

[0 0 6 3] [JMMr4)0##fflx-*] 40 

m 1 1 m(m)(D^^(4)(Dmm 

y=0.1ymax - 03-(N' -N)'(d/dyHx(y)- 
y=0.2ymax - 03-(N* -N)-(d/dy)*{x(y)- 



£= 1.0000 
A4=-0. 10016 xl0 H 
A6= 0.93649x10- 
A8=-0. 10184x10- 
A10= 0.35610x10"* 
A12=-0. 43629x10-' 

too6 4] [mi lmiriDcoimmT-*] 

e= 1.0000 
A4=-0.29197xl0" J 
A6= 0.43934x10- 
A8=-0. 56811 x 10- 
A10= 0. 20291 x IO"' 
A12=-0. 30358 x 10- 

[0 0 6 5] [»15ffi(rl5)©#3*ffl^-*] 
e= 1.0000 
A4= 0. 12431 x 10 s 
A6=-0. 38740 x 10 s 
A8= 0. 31104 x IV* 
A10=-0. 54294x10" 
A12= 0.18213x10-' 

[0 0 6 6] [|gl 6Wrl6)©#«®^-*] 
e= 1.0000 
A4=-0. 19989 x 10- 
A6= 0.20627x10- 
A8=-0. 88349 x 10- 
A10= 0.48446x10- 
A12=-0. 76850 xlO'" 

[0 0 6 7] 



x0(y)}=-6.072xl0- 
x0(y)}=-4.806xl0- 



y=0.3ymax - ^3-(N'-N)-(d/dy)'{x(y)-xO(y)}=-1.601xlO- 
y=0.4ymax 0Z- (N'-N)- (d/dy)'{x(y)-xO(y)}=-3. 758x10- 
y=0.5ymax - 03'(N , -N)«(d/dy)'{x(y)-xO(y)}=-7.339xlO- 
y=0.6ymax 03«(N , -N)-(d/dy)'{x(y)-xO(y)}=-1.286xlO- 
y=0.7ymax ••• 03- (If -N) • (d/dy) *{x(y)-x0(y)}=-2. 104x10- 



( 12 ) 



[0 0 6 8] 



21 

y=0.8ymax 
y=0.9ymax 
y=l . Oymax 



4«PI2 0 0 0- 1 8 0 7 2 5 
22 



03-(N'-NMd/dy)-{x(y)- 
03-(N'-N)-(d/dy)-{x(y)- 
03(N'-N)(d/dy)-{x(y)- 



X 


fT.x f2/:.fi 2 


{Q At /BAD 
/($ 217 BID 


&#£(3) : 
$ 4T//8 4I 




-4. 3 7 9 


1.811 


3. 3 5 0 




-3. 5 0 5 


2. 0 7 7 


3. 12 4 




- 3. 9 5 8 


1.592 


2. 9 0 7 




-4. 18 9 


1 . 5 8 2 


2. 92 6 




-4. 5 9 3 


1.793 


3 . 3 3 3 



10 



xO(y)}=-3.277xlO"' 
xO(y)}=-4. 918x10' 
xO(y)}=-7. 176x10' 

i® i ] m i (Dmrnwrnmrnm i jop^xMa 
[02] %2<Dmm.<DW^{$m.m2)<Dv>xmim. 

[03] S3cDHJS©^(^g^J3)©l/>X^S 0 
[04] ^4©HSS©^(^fi!6^l4)OW>X«fi2® 0 

[05] %5(Dmm<DBm($mm5)<ms>xmmmo 
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SPECIFICATION 

[TITLE OF THE INVENTION] ZOOM LENS 
[ABSTRACT] 

[Themes] A zoom lens is provided which is small in size and 
which has a high zoom ratio of about 4.5 to 6. 
[SolutionMeans] A zoom lens comprising, in order from the object 
side, a positive first lens group (Grl) , a negative second lens 
group (Gr2) , a positive third lens group (Gr3) , and a negative 
fourth lens group (Gr4) , and, during zooming from a wide-angle 
end [W] to a telephoto end [T], each group moves to the object 
side. The first lens group (Grl) consists of two lenses, and 
the third lens group (Gr3) consists of a positive lens (G3A) , 
a negative lens (G3B) , and a positive lens (G3C) . 
[WHAT IS CLAIMED IS;] 
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[Claim 1] A zoom lens comprising, in order from an object side, 
a first lens group having a positive power, a second lens group 
having a negative power, a third lens group having a positive 
power, and a fourth lens group having a negative power, and, 
during zooming from a wide-angle end to a telephoto end, each 
of the groups moves to the object side, wherein the first lens 
group consists of two lenses, and the third lens group consists 
of, in order from the object side, a lens having a positive 
power, a lens having a negative power, anda lens having apositive 
power. 

[Claim 2] A zoom lens as set forth in Claim 1, further satisfying 

the following conditional expression: 

5.0<fTxf2/fW 2 <-3.0 

wherein fW is a focal length of an entire zoom lens system at 
the wide-angle end, 

fT is a focal lengthof the entire zoomlens systemat the telephoto 
end, and 

f2 is a focal length of the second lens group. 

[Claim 3] A zoom lens as set forth in Claim 1, further satisfying 

the following conditional expression: 

1.55 <(04T/(J4W)/(02T/|J2W)<2.2 

wherein P2W is a lateral magnification of the second lens group 
at the wide-angle end, 
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(52T is a lateral magnification of the second lens group at the 
telephoto end, 

34W is a lateral magnification of the fourth lens group at the 
wide-angle end, and 

(54T is a lateral magnification of the fourth lens group at the 
telephoto end. 

[Claim 4] A zoom lens as set forth in Claim 1, Claim 2, or Claim 
3, wherein the positive lens on the object side and the negative 
lens on its image side that constitute the third lens group 
constitute a cemented lens. 

[Claim 5] A zoom lens comprising, in order from an object side, 
a first lens group having a positive power, a second lens group 
having a negative power, a third lens group having a positive 
power, and a fourth lens group having a negative power, and, 
during zooming from a wide-angle end to a telephoto end, each 
of the lens groups moves to the object side, wherein the third 
lens group consists of three or more lenses, and the following 
conditional expression is further satisfied: 
5.0<fTxf2/fW 2 <-3.0 

wherein fW is a focal length of an entire zoom lens system at 
the wide-angle end, 

f T is a focal lengthof the entire zoomlens systemat the telephoto 
end, and 
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f2 is a focal length of the second lens group. 

[Claim 6] A zoom lens as set forth in Claim 5, further satisfying 

the following conditional expression: 

1.55 <(P4T/(J4W)/(P2T/32W)<2.2 

wherein (32W is a lateral magnification of the second lens group 
at the wide-angle end, 

£2T is a lateral magnification of the second lens group at the 
telephoto end, 

(54W is a lateral magnification of the fourth lens group at the 
wide-angle end, and 

(34T is a lateral magnification of the fourth lens group at the 
telephoto end. 

[Claim 7] A zoom lens comprising, in order from an object side, 
a first lens group having a positive power, a second lens group 
having a negative power, a third lens group having a positive 
power, and a fourth lens group having a negative power, and, 
during zooming from a wide-angle end to a telephoto end, each 
of the lens groups moves to the object side, wherein the following 
conditional expression is further satisfied: 
1.55 <04T/P4W)/((32T/32W)<2.2 

wherein f$2W is a lateral magnification of the second lens group 
at the wide-angle end, 

P2T is a lateral magnification of the second lens group at the 
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telephoto end, 

£4W is a lateral magnification of the fourth lens group at the 
wide-angle end, and 

"*P4T is a lateral magnification of the fourth lens group at the 
telephoto end. 

[Claim 8 ] A zoom lens comprising four or more movable lens groups 
having, in order from an object side, at least a first lens 
group having a positive power, a second lens group having a 
negative power, and a third lens group having a positive power, 
wherein the third lens group consists of three or more lenses, 
and the following conditional expression is further satisfied: 
-5.0<fTxf2/fW 2 <~3.0 

wherein fW is a focal length of an entire zoom lens system at 
a wide-angle end, 

f T is a focal length of the entire zoom lens system at a telephoto 
end, and 

f2 is a focal length of the second lens group. 
[Claim 9] A zoom lens comprising four or more movable lens groups 
having, in order from an object side, at least a first lens 
group having a positive power, a second lens group having a 
negative power, and a third lens group having a positive power, 
and the following conditional expression is further satisfied: 
1.55< ((34T/(34W) / (P'2T/P2W)<2.2 
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2.0<P4T/P4W<4.0 

wherein (32W is a lateral magnification of the second lens group 
at a wide-angle end, 

J32T is a lateral magnification of the second lens group at a 
telephoto end, 

(}4W is a lateral magnification of the fourth lens group at the 
wide-angle end, and 

04T is a lateral magnification of the fourth lens group at the 
telephoto end. 

[Claim 10] A zoom lens as set forth in Claim 9, wherein the 
third lens group consists of three or more lenses. 
[Claim 11] A zoom lens as set forth in Claim 7, Claim 8, or 
Claim 9, wherein the third lens group consists of, in order 
from the object side, a lens having a positive power, a lens 
having a negative power, and a lens having a positive power. 
[Claim 12] A zoom lens as set forth in Claim 1, Claim 5, Claim 
7, Claim 8, or Claim 9, wherein the first lens group and the 
fourth lens group move together during zooming from the 
wide-angle end to the telephoto end. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] The present invention relates to a 
zoom lens, and, for example, relates to a small-sized, high 
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variable power zoom lens, suitable for a photographic lens used 

for a lens shutter camera. 

[0002] 

[Prior Arts] In order to achieve downsizing of a zoom lens used 
for a lens shutter camera and achieve highmagnif ication thereof, 
various proposals have been conventionally made of the 
three-group structure of positive-positive-^negative or the 
four-group structure of positive-negative-positive-negative. 
For example, in a zoom lens proposed in Japanese Published 
Unexamined Patent Application No. Sho-63-43115, a 
power-variation burden imposed on each group is dispersed by 
employing the four-group structure of 

positive-negative-positive-negative, and, as a result, a zoom 
ratio of about 3 is achieved. Additionally, in a zoom lens 
proposed in Japanese Published Unexamined Patent Application 
No. Hei-6-265788, a zoom ratio exceeding 4 is achieved by 
employing numerous aspherical surfaces in the four-group 
structure of positive-negative-positive-negative. 
[0003] 

[Themes Intended to be Solved by the Invention] However, the 
zoom lens proposed in Japanese Published Unexamined Patent 
Application No. Sho-63-43115 has a large number of compcments 
constituting the zoom lens, and has the disadvantage of not 
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achieving its satisfactory performance also in respect of high 
magnification. On the other hand, the zoom lens proposed in 
Japanese Published Unexamined Patent Application No. 
Hei-6-2 6578 8 has a large amount of movement and a large total 
length during power variation and has the disadvantage of not 
achieving satisfactory performance in respect to downsizing. 
[0004] The present invention has been made in consideration 
of these circumstances, and it is an object of the present 
invention to provide a small-sized, high power zoom lens having 
a zoom ratio of about 4.5 to 6. 
[0005] 

[Means for Solving Themes] In order to achieve the object, a 
zoom lens of a first invention is characterized in that it 
consists of, in order from an object side, a first lens group 
having a positive power, a second lens group having a negative 
power, a third lens group having a positive power, and a fourth 
lens group having a negative power, and, during zooming from 
a wide-angle end to a telephoto end, each of the groups moves 
to the object side, wherein the first lens group consists of 
two lenses, and the third lens group consists of, in order from 
the object side, a lens having a positive power, a lens having 
a negative power, and a lens having a positive power. 
[0006] A zoom lens of a second invention is characterized in 
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that, in the structure of the first invention, the following 
conditional expression is further satisfied: 
-5.0<fTXf2/fW 2 <-3.0 

wherein fW is a focal length of an entire zoom lens system at 
the wide-angle end, 

fTis a focal lengthof the entire zoomlens systemat the telephoto 
end, and 

f2 is a focal length of the second lens group. 

[&007] A zoom lens of a third invention is characterized in 

that, in the structure of the first invention, the following 

conditional expression is further satisfied: 

1.55 <(34T/($4W)/ ((J2T/P2W)<2.2 

wherein (32W is a lateral magnification of the second lens group 
at the wide-angle end, 

(32T is a lateral magnification of the second lens group at the 
telephoto end, 

34W is a lateral magnification of the fourth lens group at the 
wide-angle end, and 

P4T is a lateral magnification of the fourth lens group at the 
telephoto end. 

[0008] A zoom lens of a fourth invention is characterized in 
that, in the structure of the first, second, or third invention, 
the positive lens on the object side and the negative lens on 
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its image side that constitute the third lens group constitute 
a cemented lens. 

[0009] A zoom lens of a fifth invention is characterized in 
that it consists of, in order from an object side, a first lens 
group having a positive power, a second lens group having a 
negative power, a third lens group having a positive power, 
and a fourth lens group having a negative power, and, during 
zooming from a wide-angle end to a telephoto end, each of the 
lens groups moves to the object side, wherein the third lens 
group consists of three or more lenses, and the following 
conditional expression is further satisfied: 
-5.0<fTxf2/fW 2 <-3.0 

wherein fW is a focal length of an entire zoom lens system at 
the wide-angle end, 

f T is a focal length of the entire zoom lens system at the telephoto 
end, and 

f2 is a focal length of the second lens group. 

[0010] A zoom lens of a sixth invention is characterized in 

that, in the structure of the fifth invention, the following 

conditional expression is further satisfied: 

1.55 <(P4T/34W)/(P2T/P2W)<2.2 

wherein is a lateral magnification of the second lens group 
at the wide-angle end, 
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(32T is a lateral magnification of the second lens group at the 
telephoto end, 

(J4W is a lateral magnification of the fourth lens group at the 
wide-angle end, and 

(54T is a lateral magnification of the fourth lens group at the 
telephoto end. 

[0011] A zoom lens of a seventh invention is characterized in 
that it consists of, in order from an object side, a first lens 
group having a positive power, a second lens group having a 
negative power, a third lens group having a positive power, 
and a fourth lens groups having a negative power, and, during 
zooming from a wide-angle end to a telephoto end, each of the 
lens groups moves to the object side, wherein the following 
conditional expression is further satisfied: 
1.55 <((54T/p4W)/(p2T/(32W)<2.2 

wherein (32W is a lateral magnification of the second lens group 
at the wide-angle end, 

(J2T is a lateral magnification of the second lens group at the 
telephoto end, 

P4W is a lateral magnification of the fourth lens group at the 
wide-angle end, and 

(34T is a lateral magnification of the fourth lens group at the 
telephoto end. 
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[0012] A zoom lens of an eighth invention is characterized in 
that it consists of four or more movable lens groups having, 
in order from an object side, at least a first lens group having 
a positive power, a second lens group having a negative power, 
and_ a third lens group having a positive power, wherein the 
third lens group consists of three or more lenses, and the 
following conditional expression is further satisfied: 
-5.0<fTxf2/fW 2 <-3.0 

wherein fW is a focal length of an entire zoom lens system at 
a wide-angle end, 

f T is a focal length of the entire zoom lens system at a telephoto 
end, and 

f2 is a focal length of the second lens group. 
[0013] A zoom lens of a ninth invention is characterized in 
that it consists of four or more movable lens groups having, 
in order from an object side, at least a first lens group having 
a positive power, a second lens group having a negative power, 
and a third lens group having a positive power, and the following 
conditional expression is further satisfied: 
1.55< ((34T/(34W) / ((J2T/(32W)<2.2 
2. 0<(J4T/34W<4 . 0 

wherein £2W is a lateral magnification of the second lens group 
at a wide-angle end, 
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(32T is a lateral magnification of the second lens group at a 
telephoto end, 

(J4W is a lateral magnification of the fourth lens group at the 
wide-angle end, and 

P4T is a lateral magnification of the fourth lens group at the 
telephoto end. 

[0014] A zoom lens of a tenth invention is characterized in 
that, in the structure of the ninth invention, the third lens 
group consists of three or more lenses. 

[0015] A zoom lens of an eleventh invention is characterized 
in that, in the structure of the seventh, eighth, or ninth 
invention, the third lens group consists of, in order from the 
object side, a lens having a positive power, a lens having a 
negative power, and a lens having a positive power. 
[0016] A zoom lens of a twelfth invention is characterized in 
that, in the structure of the first, fifth, seventh, eighth, 
or ninth invention, the first lens group and the fourth lens 
group move together during zooming from the wide-angle end to 
the telephoto end. 
[0017] 

[Embodiments of the Invention] A zoom lens in which the present 
invention is embodied will be hereinafter described with 
reference to the drawings . Fig. 1 to Fig. 5 are lens arrangement 
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diagrams corresponding to zoom lenses of the first to fifth 
embodiments, respectively, and show lens arrangements at a 
wide-angle end [W] . Arrows mj (j=l,2,3,4) in the lens 
arrangement diagrams schematically indicate the movement of 
a j-th lens group (Gri) during zooming from the wide-angle end 
[W] to a telephoto end [T] . A surface designated as ri 
(1=1,2,3,...) is an i-th surface, counting from an obj ect side, 
in the lens arrangement diagrams, and a surface to which an 
* symbol has been given is an aspherical surface. An on-axis 
surface-to-surface distance designated as di (i=l, 2,3,...) is 
a group-to-group distance that changes during zooming of the 
i-th on-axis surface-to-surface distance, counting from the 
object side. 

[0018] The first to fifth embodiments are zoom lenses each of 
which consists of, in order from the object side, a first lens 
group (Grl) having a positive power, a second lens group (Gr2) 
having a negative power, a third lens group (Gr3) having a 
positive power, and a fourth lens group (Gr4) having a negative 
power, and, during zooming from the wide-angle end [W] to the 
telephoto end [T] , each group (Grl to Gr4) moves to the object 
side. In each embodiment, a diaphragm (A) that makes a zoom 
movement together with the third lens group (Gr3) is disposed 
between the second lens group (Gr2) and the third lens group 
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(Gr3) . 

[0019] In the first embodiment (Fig. 1), each group has the 
following structure in order from the object side. The first 
lens group (Grl) consists of a negative meniscus lens convex 
on the object side and a positive meniscus lens convex on the 
object side.. The second lens group (Gr2) consists of a 
double-concave negative lens (whose surface on the object side 
is an aspherical surface) and a positive meniscus lens convex 
on the object side. The third lens group (Gr3) consists of 
a double-convex positive lens (G3A) , a double-concave negative 
lens (G3B, whose surface on the object side is an aspherical 
surface) , and a positive meniscus lens (G3C) concave on the 
object side. The fourth lens group (Gr4) consists of a positive 
meniscus lens (both surfaces of which are aspherical surfaces) 
convex on the image side and a planoconcave lens concave on 
the object side. 

[0020] In the second embodiment (Fig. 2), each group has the 
following structure in order from the object side. The first 
lens group (Grl) is formed by a cemented lens that consists 
of a negative meniscus lens convex on the object side and a 
positive meniscus lens convex on the object side. The second 
lens group (Gr2) consists of a double-concave negative lens 
(whose surface on the object side is an aspherical surface) 
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and a positive meniscus. lens convex on the object side. The 
third lens group (Gr3) consists of a double-convex positive 
lens (G3A) , a double-concave negative lens (G3B, both surfaces 
of which are aspherical surfaces) , and a positive meniscus lens 
(G3C) concave on the object side. The fourth lens group (Gr4) 
consists of a positive meniscus lens (both surfaces of which 
are aspherical surfaces) convex on the image side, and a 
planoconcave lens concave on the object side. 
[0021] In the third embodiment (Fig. 3), each group has the 
following structure in order from the object side. The first 
lens group (Grl) is formed by a cemented lens that consists 
of a negative meniscus lens convex on the object side and a 
positive meniscus lens convex on the object side. The second 
lens group (Gr2) consists of a double-concave negative lens 
and a positive meniscus lens convex on the object side. The 
third lens group (Gr3) consists of a double-convex positive 
lens (G3A) , a negative meniscus lens (G3B, whose surface on 
the object side is an aspherical surface) concave on the image 
side, and a positive meniscus lens (G3C) convex on the image 
side. The fourth lens group (Gr4) consists of a positive 
meniscus lens (both surfaces of which are aspherical surfaces) 
convex on the image side and a planoconcave lens concave on 
the object side. 
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[0022] In the fourth embodiment (Fig. 4), each group has the 
following structure in order from the object side. The first 
lens group (Grl) is formed by a cemented lens that consists 
of a negative meniscus lens convex on the object side and a 
positive meniscus lens convex on the object side. The second 
lens group (Gr2) consists of a double-concave negative lens 
and a positive meniscus lens convex on the object side. The 
third lens group (Gr3) consists of a cemented lens, which 
consists of a double-convex positive lens (G3A) and a 
double-concave negative lens (G3B) , and a double-convex 
positive lens (G3C, whose surface on the image side is an 
aspherical surface) . The fourth lens group (Gr4) consists of 
a positive meniscus lens (both surfaces of which are aspherical 
surfaces) convex on the image side and a planoconcave lens 
concave on the object side. 

[0023] In the fifth embodiment (Fig. 5), each group has the 
following structure in order from the object side. The first 
lens group (Grl) is formed by a cemented lens that consists 
of a negative meniscus lens convex on the object side and a 
positive meniscus lens convex on the object side. The second 
lens group (Gr2) consists of a double-concave negative lens 
(whose surface on the object side is an aspherical surface) 
and a positive meniscus lens convex on the object side. The 
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third lens group (Gr3) consists of a double-convex positive 
lens (G3A) , a negative meniscus lens (G3B, whose surface on 
the object side is an aspherical surface) concave on the image 
side, and a double-convex positive lens (G3C) . The fourth lens 
group (Gr4) consists of a positive meniscus lens (both surfaces 
of which are aspherical surfaces) convex on the image side and 
a planoconcave lens concave on the object side. In this fifth 
embodiment, the first lens group (Grl) and the fourth lens group 
(Gr4) move together during zooming. A camera cone can be easily 
constructed by forming the first lens group (Grl) and the fourth 
lens group (Gr4) so that they can move together. 
[0024] The first lens group (Grl) consists of two lenses ,in 
all embodiments, and, in addition, thetwolenses form a cemented 
lens in the second to fifth embodiments. Additionally, the 
third lens group (Gr3) consists of a positive lens (G3A) , a 
negative lens (G3B) , and apositive lens (G3C) in all embodiments . 
Additionally, the positive lens (G3A) and the negative lens 
(G3B) form a cemented lens in the fourth embodiment. Handling 
and lens-frame formation are facilitated by constructing the 
cemented lens of the positive lens and the negative lens as 
in the first lens group (Grl) in the second to fifth embodiments 
or as in the third lens group (Gr3) in the fourth embodiment. 
Additionally, since a space for air is not needed, an advantage 
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is created in achieving downsizing. 

[0025] In the zoom lens consisting of four or more movable lens 
groups having, in order from the object side, at least the first 
lens group (Grl) having the positive power, the second lens 
group (Gr2) having the negative power, and the third lens group 

(Gr3) having the positive power as in each embodiment, it is 
desirable to construct the third lens group (Gr3) of, in order 
from the object side, a lens (G3A) having a positive power, 
a lens (G3B) having a negative power, and a lens (G3C) having 
a positive power. Off-axis chromatic aberrations of 
magnification in the third lens group (Gr3) can be excellently 
corrected by constructing the third lens group (Gr3) in this 
way. 

[0026] In the zoom lens consisting of four or more movable lens 
groups having, in order from the object side, at least the lens 
groups (Grl to Gr3) of positive-negative-positive as in each 
embodiment, it is desirable to satisfy the following conditional 
expression (1) : 
-5.0 <fTxf2/fW 2 <-3.0- (1) 

wherein fW is a focal length of the entire zoom lens system 
at the wide-angle end [W] , 

f T is a focal length of the entire zoomlens systemat the telephoto 
end [T], and 
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f2 is a focal length of. the second lens group (Gr2) . 
[0027] The conditional expression (1) fixes a conditional range 
to create the coexistence of the power-variation enhancement 
of the lens system and the downsizing thereof by the ratio of 
the focal length of the second lens group (Gr2) to a variable 
power ratio. If the upper limit of the conditional expression 
(1) is exceeded, it becomes difficult to reduce the overall 
length of the lens system while maintaining high power variation, 
because the focal length of the second lens group (Gr2) becomes 
long. On the contrary, if the lower limit of the conditional 
expression (1) is exceeded, the focal length of the second lens 
group (Gr2) becomes short, and it becomes difficult to correct 
off-axis flare occurring in the second lens group (Gr2) . 
[0028] Further, in the zoom lens consisting of four or more 
movable lens groups having, in order from the object side, at 
least the lens groups (Grl toGr3) of pgsitive-negative-positive 
as in each embodiment, it is desirable to satisfy the following 
conditional expression (2) : 
1.55 <(34T/P4W)/(P2T/P2W)<2.2» • • (2) 

wherein (52W is a lateral magnification of the second lens group 
(Gr2) at the wide-angle end [W] , 

(32T is a lateral magnification of the second lens group (Gr2) 
at the telephoto end [T] , 
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(J4W is a lateral magnification of the fourth lens group (Gr4) 
at the wide-angle end [W] , and 

(S4T is a lateral magnification of the fourth lens group (Gr4) 
at the telephoto end [T] . 

[0029] The conditional expression (2) fixes a conditional range 
to optimize the power- variation enhancement of the lens system 
and the downsizing thereof by the ratio between the variable 
power ratio in the second lens group (Gr2) and the variable 
power ratio in the fourth lens group (Gr4) . In a general zoom 
lens (Japanese Published Unexamined Patent Application No. 
Sho-63-43115, for example) that has the four-group structure 
of positive-negative-positive-negative, the percentage in 
which power variation is performed chiefly by the second lens 
group (Gr2) has a tendency to become high. In the present 
invention, the overall lens length is reduced by slightly 
increasing the burden of the fourth lens group (Gr4) to be used 
for power variation. If the upper limit of the conditional 
expression (2) is exceeded, it becomes difficult to excellently 
balance on-axis aberrations with off-axis aberrations in 
telephotographing and in angle-widening by the fourth lens group 
(Gr4), because the burden of the fourth lens group (Gr4) to 
be used for power variation becomes too high. On the contrary, 
if the lower limit of the conditional expression (2) is exceeded, 
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the overall length is increased. Therefore, this is 
undesirable in respect to downsizing. 

[0030] It is desirable to further satisfy the following 
conditional expression (3) : 
2.0<p4T/|34W<4.0- • • (3) 

[0031] The conditional expression (3) fixes the variable power 
ratio of the fourth lens group (Gr4) . If the upper limit of 
the conditional expression (3) is exceeded, the burden of the 
fourth lens group (Gr4) to be used for power variation becomes 
high, and it becomes difficult to excellently balance on-axis 
aberrations with off-axis aberrations in telephotographing and 
in angle-widening by the fourth lens group (Gr4) . On the 
contrary, if the lower limit of the conditional expression (3) 
is exceeded, the overall length is increased. Therefore, this 
is undesirable in respect to downsizing. 

[0032] Additionally, it is desirable to provide the negative 
lens (G3B) of the third lens group (Gr3) with at least one 
aspherical surface as in the first to third embodiments and 
in the fifth embodiment. In securing excellent performance 
capabilities, it is effective especially to use an aspherical 
surface as the object-side surface of the negative lens (G3B) . 
Desirably, the aspherical surface nearest to the object side 
of the negative lens (G3B) satisfies- the following conditional 



22 




expression (4) : 

-0.02<+3 • (N'-N) • (d/dy) • (x(y)-xO(y) }<0* • • (4) 

wherein §3 is a power of the/third lens group (Gr3), 

N is a refractive index of an obj ect-side mediumof the aspherical 

surface, 

N 1 is a refractive index of an image-side mediumof the aspherical 
surface, 

x(y) is the surface shape of the aspherical surface, and 
xO (y) is the reference spherical shape of the aspherical surface, 
and 

x(y) and xO(y) are expressed by the following equations (AS) 
and (RE), respectively. 
[0033] 
[Formula 1] 

x(y) = (r/e) • [l-^/™{l-e* (y 2 /r 2 ) + (Ai-y 1 ) • • • (AS) 
x0 (y)=r • [l-/"{l-e« (y 2 /r 2 ) }] - • (RE) 

In the equations (AS) and (RE) , 

y is a height in the vertical direction with respect to an optical 
axis, 

r is a reference curvature radius of the aspherical surface, 
e is the quadratic-curve parameter, 

Ai is the aspherical coefficient of an i-th degree expression, 
and 
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f is a paraxial curvature radius { (1/f }= (1/r) +2 »A2} of the 
aspherical surface. 

[0034] The conditional expression (4) fixes a conditional range 
to correct spherical aberrations and the flare of an off-axis 
light beam by the shape of the aspherical surface . I f the upper 
limit of the conditional expression (4) is exceeded, a tendency 
for spherical aberrations to fall to the under side in all areas 
of zooming appears markedly, and the flare of an off-axis light 
beam is markedly generated. If the lower limit of the 
conditional expression (4) is exceeded, the spherical 
aberrations fall to the over side in all areas of zooming, and 
a tendency to excessively correct the flare of the off-axis 
light beam appears markedly. 

[0035] Each group constituting the first to fifth embodiments 
is formed only by a refraction type lens in which incident light 
rays are deflected by refraction, but the present invention 
is not limited to this . Each group may be formedby, for example, 
a diffraction type lens in which incident light rays are 
deflected by diffraction, a refraction/diffraction hybrid type 
lens in which incident light rays are deflected by a combination 
of a diffracting action and a refracting action, a 
refractive-index distribution type lens, and so on. 
[0036] 
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[Examples] By illustrating construction data, aberration 
diagrams, and so on, a more concrete description will be 
hereinafter given of the structure of a zoom lens in which the 
present invention is embodied. The Examples 1 to 5 illustrated 
below correspond to the aforementioned first to fifth 
embodiments, respectively, and the lens arrangement diagrams 

(Fig. 1 to Fig. 5) showing the first to fifth embodiments 
illustrate the lens structures of Examples 1 to 5 corresponding 
thereto. 

[0037] In construction data of each example, ri (i=l, 2, 3, . . . ) 
is the curvature radius of the i-th surface counting from the 
object side, di (i=l, 2, 3, . . . ) is the i-th on-axis 
surface-to-surface distance counting from the object side, and 
Ni (i=l, 2, 3, . . . ) and vi (i=l, 2, 3, . . . ) are the refractive index 

(Nd) and the Abbe number (vd) with respect to the d line of 
the i-th lens counting from the object side. Additionally, 
in the construction data, the on-axis surface-to-surface 
distance, changing during zooming is an on-axis air. distance 
between the lens groups at the wide-angle end (short focal length 
end) [W]-the middle (intermediate focal length state) [M]-the 
telephoto end (long focal length end) [T] . The focal length 
f of the entire zoom lens system and FNO. FNO that correspond 
to each focal length state [W] , [M] , and [T] are also shown. 
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[0038] Additionally, the surface in which an * symbol has been 
given to the curvature radius ri is a surface formed by an 
aspherical surface, and let it be supposed that the surface 
is defined by the aforementioned assumed (AS) that represents 
the surface shape of the aspherical surface* 
Aspherical-surf ace data and corresponding values {wherein ymax 
is the maximum height (maximum effective radius) in the vertical 
direction with respect to the optical axis of the aspherical 
surface} of the conditional expression (4) concerning the 
aspherical surface are shown besides other data, and 
corresponding values of the other conditional expressions are 
shown in Table 1 . 

[0039] Fig. 6 to Fig. 10 are aberration diagrams that correspond 
to Examples 1 to 5, respectively, wherein [W] is the wide-angle 
end, [M] is the middle, and [T] is various aberrations at the 
telephoto end (in order from the left, spherical aberrations 
etc., astigmatisms, and distortion aberrations) (Y 1 is the 
maximum image height) . In each aberration diagram, the solid 
line (d) represents an aberration with respect to the d line, 
and the broken line (SC) represents a sine condition, whereas 
the broken line (DM) and the solid line (DS) represent 
astigmatisms with respect to the d line on the meridional surface 
and on the sagittal surface, respectively. 
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[0040] 

«Example 1» 
f=22. 5-70. 0-126.0 
FNO=5.7~7.2~10.2 
[Curvature [On-axis 



radius] 



rl=14 .386 



r2=11.869 



r3=12.132 



r4=44 .822 



r5*=-50.721 



r6=9.305 



r7=11.191 



r8=22.081 



[Abbe number] 



[Refractive 
surface-to-su index] 
rface 
distance] 



dl=1.000 Nl-1. 84666 vl=23.82 



d2=0.100 



d3=2.800 



N2=l. 48749 v2=70.44 



d4=l. 200-12. 000-15. 000 



d5=0.700 N3=l. 77250 v3=49.77 



d6=1.300 



d7=1.500 



N4=l. 84666 v4=23.82 
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r9=~ (A) • 

rl0=9'. 648 

rll=-20.116 

rl2*=432.945 

r 13=2 6. 54 0 

rl4=-44.028 

rl5=-9.006 

rl6*=-19.111 

rl7*=-11.238 

rl8=-8.061 

rl9=» 
[0041] 



d8=6. 527.-1. 919-0. 650 



d9=0.100 



dl0=3.000 N5=l. 48749 v5=70.44 



dll=0.100 



dl2=1.200 N6=l. 84666 v6=23.82 



dl3=1.000 



dl4=2.500 N7=l. 48749 v7=70.44 



dl5=7. 748-2. 564-0. 500 



dl6=2.400 N8=l. 62017 v8=24.01 



dl7=1.525 



dl8=0.800. N9=l. 75450 v9=51.57 
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[Aspherical surface data concerning the 5th surface (r5) ] 
e=1.0000 

A4=-0.74896xl0~ 6 
A6=0.49697xl0~ 6 
A8=-0.48034xl0" 7 
A10=0.14101xl0" 8 
A12=-0.15951xl0 _10 
[0042] 

[Aspherical surface data concerning the 12th surface (rl2) ] 
e=1.0000 

A4=-0.32194xl0" 3 
A6=-0.57420xl0" 6 
A8=-0.91327xl0~ 7 
A10=-0.30354xl0 -8 
A12=0.16114xl0- 9 
[0043] 

[Aspherical surface data concerning the 16th surface (rl6)] 

e=1.0000 

A4=0.88130xl0" 4 

A6=0.18653xl0' 5 

A8=0.45085xl0"' 7 

A10=-0.25756xl0 -8 

A12=0.26950xl0" 10 
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[0044] 

[Aspherical surface data concerning the 17th surface (rl7)] 
e=1.0000 

A4=-0.53907xl0' 4 
A6=0.20838xl0" 5 

A8=-0.76811xl0- 8 ... 
A10=-0.56352xl0~ 9 
A12=-0.64868xl0 -11 
[0045] 

[Corresponding values of the conditional expression (4) 
concerning the 12th surface (rl2) ] 



y=0. 


lymax • • 


•<j)3 


(N' 


-N) 


• (d/dy) 


• (x(y) 


-x0(y) 


}=-6. 


075x10 


-6 


y=0. 


2ymax • • 


•(j>3« 


(N' 


-N) 


• (d/dy) 


• (x(y) 


-x0(y) 


}=-4. 


868x10 


-5 


y=0. 


3ymax • • 


•<|>3- 


(N' 


-N) 


• (d/dy) 


• (x.(y) 


-xO.(y) 


}=-l . 


649x10' 


-4 


y=0. 


4ymax • • 


>$3- 


(N' 


-N) 


- (d/dy) 


• (x(y) 


-x0(y) 


}=-3. 


933x10' 


-4 


y=0 . 


5ymax« • 


•<j>3» 


(N' 


-N) 


• (d/dy) 


• (x(y) 


-x0(y) 


}=-7. 


767x10' 


-4 


y=0. 


6ymax • • 


•<j)3« 


(N' 


-N) 


• (d/dy) 


• (x(y) 


-x0(y) 


}=-l. 


366x10" 


-3 


y=0. 


7ymax • • 


•<J.3« 


(N' 


-N) 


• (d/dy) 


• (x(y) 


-x0(y) 


}=-2. 


227x10" 


-3 


y=0. 


8ymax • • 


•())3' 


(N' 


-N) 


• (d/dy) 


•(x(y) 


-x0(y) 


)=-3. 


444x10" 


■3 


y=0. 


9ymax • • 


•(|)3' 


(N* 


-N) 


• (d/dy) 


• (x(y) 


-x0(y) 


)=-5. 


112x10" 


3 


y=i. 


Oymax • • 


•<j>3> 


(N ' 


-N) 


• (d/dy) 


' (x(y) 


-x0(y) 


)=-7. 


302x10" 


3 



[0046] 

«Example 2» 
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f=20. 5-54. 0-97. 6 
FNO=5. 74-6. 8 6-9.0 
[Curvature [On-axis 



radius] 



rl=12.896 



r2=10.509 



r3=34.748 



r4*=-56.717 



r5=7.690 



r6=10.361 



r7=21.555 



r8=~ (A) 



r9=8.355 



d2=2.800 



d3=l. 400-8. 500-11. 000 



d4=0.700 



d5=1.300 



d8=0.100 



[Abbe number] 



[Refractive 
surface-to-su index] 
rface 
distance] 



dl=1.000 Nl=l. 84666 vl=23.82 



N2=l. 48749 v2=70.44 



N3=l. 77250 v3=49.77 



d6=1.500 N4=l. 84666 v4=23.82 



d7=5. 502-2. 470-1. 195 
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rl0=-14.886 



rll*=-74.817 



rl2*=37.804 



rl3=-31.334 



rl4=-7.921 



rl5*=-15.477 



rl6*=-9.595 



rl7=-7.241 



d9=3.800 N5=l. 48749 v5=70.44 



dlO=0.100 



dll=1.100 N6=l. 84666 v6=23.82 



dl2=0.700 



dl3=2.000 N7=l. 48749 v7=70.44 



dl4=5. 884-2. 081-0. 500 



dl5=2.400 N8=l. 62017 v8=24.01 



dl 6=1. 404 



dl7=0.800 N9=l. 75450 v9=51.57 

rl8=» 
[0047] 

[Aspherical surface data concerning the 4th surface (r4)] 

e=1.0000 

A4=0. 16693x10"" 

A6=0.35720xl0' 6 
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A8=-0.41690xl0" 7 
A10=0.11563xl0 -8 
Ar2=-0.12786xl0" 10 
[0048] 

[Aspherical surface data concerning the 11th surface (rll)] 
e=1.0000 

A4=-0.42156xl0" 3 
A6=-0. 63031xl0" 5 
A8=-0.22793xl0" 7 
A10=0.96477xl0 -8 
A12=-0.29544xl0" 9 
[0049] 

[Aspherical surface data concerning the 12th surface (rl2) ] 

e=1.0000 

A4=0.10408xl0" 3 

A6=-0.72583xl0" 5 

A8=0.43445xl0~ 6 

A10=0.57842xl0~ 8 

A12=-0.50956xl0 -9 

[0050] 

[Aspherical surface data concerning the 15th surface (rl5) ] 

e=1.0000 

A4=0.22465xl0" 3 



33 



A6=-0.242 64xl0~ 5 
A8=0.28360xl0" 6 
A10=-0.86591xl0 -8 
A12=0.96741xl0 -10 
[0051] 

[Aspherical surface data concerning the 16th surface (rl6) ] 
6=1.0000 

A4=-0.21833xl0 -4 
A6=0.27031xl0" 5 
A8=-0.12878xl0 -6 
A10=0.34322xl0" 8 
A12=-0.58386xl0 -10 
[0052] 

[Corresponding values of the conditional expression (4) 
concerning the 11th surface (rll) ] 



y=0 


. lymax • 


♦ • <|>3 • 


(N* 


-N) 


• (d/dy) 


• U(y) 


-x0 (y) }= 


-9. 


143x10' 


-6 


y=0 


. 2ymax • 


♦ • <j>3 • 


(N 1 


-N) 


• (d/dy) 


• (x(y) 


-x0(y)}= 


-7. 


398x10' 


-5 


y=0 


. 3ymax • 


* '<J)3 • 


(N' 


-N) 


• (d/dy) 


• (x(y) 


-x0(y) }= 


-2. 


544x10" 


-4 


y=0 


. 4ymax • 


• '(|>3 • 


(N' 


-N) 


■ (d/dy) 


>{x(y) 


-x0(y) }= 


-6. 


186x10" 


-4 


y=0 


. 5ymax • 


> »(j)3 • 


(N' 


-N) 


(d/dy) 


• (x(y) 


-x0(y) }= 


-1. 


246x10" 


-3 


y=0 


. 6ymax • 


• ♦ 4>3 • 


(N' 


-N) 


(d/dy) 


•{x(y) 


-x0(y) }= 


-2. 


227x10- 


-3 


y=0 


. 7ymax • 


• • <f>3 • 


(N* 


-N) 


(d/dy) 


' {x(y) 


-x0(y) }= 


-3. 


664xl0 _ 


■3 


y=0 


. 8ymax • 


• • <|>3 • 


(N* 


-N) - 


(d/dy) 


• (x(y) 


-x0(y) }= 


-5. 


662x10" 


■3 



.34 



• # 



y=0.9ymax« • >$3> (N'-N) • (d/dy) • {x(y)-xO (y) }=-8 . 349xl0~ 3 
y=1.0ymax« • ><j>3> (N'-N) • (d/dy) • (x(y)-xO (y) }=-l . 193xl0~ 2 
[0053] 

«Ex ample 3» 
f=22. 6-70. 0-107. 2 
FN0=5. 7-8. 87-10. 14. 

[Curvature [On-axis [Refractive [Abbe number] 

radius] surf ace-to-su index] 

rface 

distance] 



rl=15.878 



r2=12.635 



r3=62.157 



r4=-50.000 



r5=10.024 



r6=11.321 



r7=22.204 



dl=1.000 



d2=2.800 



Nl=l. 84666 vl=23.82 



N2=l. 48749 v2=70.44 



d3=l. 839-11. 000-15. 000 



d4=0.700 



d5=1.000 



d6=1.500 



N3=l. 77250 v3=49.77 



N4=l. 84666 v4=23.82 
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• 



d7=7. 234.-2. 

r8=~ (A) 

d8=0.500 

r9=8. 611 

d9=2.400 

rlO=-170.568 

dl0=0.452 

rll*=43.051 

dll=1.200 

rl2=17.783 

dl2=1.000 

rl3=-465.925 

dl3=2.200 

rl4=-8.683 

dl4=6. 717-1 

rl5*=-30.177 

dl5=2.200 

rl6*=-14.033 

dl 6=1. 957 

rl7=-7.544 

dl7=0.800 

rl8=~ 
[0054] 



-0.800 



N5=l. 48749 v5=70.44 



N6=l. 84666 v6=23.82 



N7=l. 48749 v7=70.44 



.882-0.500 



N8=l. 62017 v8=24.01 



N9=l. 77250 v9=49.77 
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[Aspherical surface data concerning the 11th surface (rll)] 
e=1.0000 

A4=-0.37097xl0" 3 
A6=0.79853xl0~ 5 
A8=-0.11445xl0 -5 
A10=0.45565xl0 -7 
A12=-0.50908xl0 -9 
[0055] 

[Aspherical surface data concerning the 15th surface (rl5) ] 
6=1.0000 

A4=-0.51565xl0" 4 
A6=-0.24325xl0" 5 
A8=0.35139xl0" 6 
A10=-0.79240xl0 -8 
A12=0.61680xl0" 10 
[0056] 

[Aspherical surface data concerning the 16th surface (rl6) ] 
6=1.0000 

A4=-0.27425xl0" 3 

A6=0.22598xl0" 5 

A8=-0.11907xl0" 6 

A10=0.52828xl0 -8 

A12=-0.79447xl0" 10 
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[0057] 

[Corresponding values of the conditional expression (4) 
concerning the 11th surface (rll) ] 



y=0. 


lymax * 


• «<|>3 


(N' 


-N) 


• (d/dy) 


• {x (y) 


-xO (y) }= 


-4 


.208xl0 -6 


y=0. 


2ymax • 


• •+3- 


(N* 


-N) 


• (d/dy) 


>{x(y) 


-x0(y) } = 


-3 


.330xl0 -5 


y=0. 


3ymax • 


• -<j>3- 


(N* 


-N) 


• (d/dy) 


• (x(y) 


-x0(y) }= 


-1 


.108xlO" 4 


y-0. 


4ymax • 


• «<j>3- 


(N* 


-N) 


• (d/dy) 


«{x(y) 


-x0(y) }= 


-2 


.590x10-" 


y=0. 


5ymax • 


• -<(»3« 


(N' 


-N) 


(d/dy) 


>{x(y) 


-x0(y) }= 


-5 


.019xl0 -4 


y=0. 


6ymax • 




(N' 


-N) 


(d/dy) 


'{x(y) 


-x0(y) }= 


-8 


. 695xl0 -4 


y=0. 


7ymax • 


• «$3« 


(N* 


-N) - 


(d/dy) 


>{x(y) 


-x0(y) } = 


-1 


.402xl0' 3 


y=0. 


8ymax • 


• «43» 


(N 1 


-N) • 


(d/dy) 


(x(y) 


-x0(y) }= 


-2 


• 151xl0 -3 


y=0 . 


9ymax • 


• -(|)3« 


(N* 


-N) • 


(d/dy) 


(x(y) 


-x0(y) }=• 


-3 


.165xl0 -3 


y=i. 


Oymax • 


• «<j»3« 


(N' 


-N) • 


(d/dy) • 


(x(y) 


-x0(y) }=• 


-4 


.475xl0" 3 



[0058] 

«Example 4» 
f=22. 6-70.0-107.2 
FNO=5. 9-9. 09-10. 16 

[Curvature [On-axis [Refractive [Abbe number] 

radius] surf ace-to-su index] ' 

rface 

distance] 

rl=17.152 . 

dl=1.000 Nl=l. 84666 vl=23.82 
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r2=13.750 



r3=79. 178 



r4=-27.331 



r5=13.864 



r6=15.746 



r7=37.437 



r8=» (A) 



r9=9.392 



rl0=-158.267 



rll=35.282 



rl2=14.999 



rl3*=-18.446 



d2=2.800 N2=l. 48749 v2=70.44 



d3=l. 200-10. 000-15. 000 



d4=0.700 N3=l. 77250 v3=49.77 



d5=1.300 



d6=1.500 N4=l. 84666 v4=23.82 



d7=7. 237-2. 219-0. 650 



d8=0.500 



d9=2.800 N5=l. 48749 v5=70.44 



dl0=1.200 N6-1. 84666 v6=23.82 



dll=1.000 



dl2=2.400 N7=l. 48749 v7=70.44 
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dl3=6. 49.9-1. 953-0. 500 

rl4*=-32.932 

dl4=2.200 N8=l. 62017 v8=24.01 

rl5*=-16.032 

dl5=2.364 

rl6=-7.404 

dl 6=0. 800 N9=l. 75450 v9=51.57 

rl7=- 
[0059] 

[Aspherical surface data concerning the 13th surface (rl3) ] 

e=1.0000 

A4=0.38266xl0" 3 

A6=-0.47417xl0~ 6 

A8=0.79075xl0" 7 

A10=0. 12182xl0 -7 

A12=-0.48378xl0" 9 

[0060] 

[Aspherical surface data concerning the 14th surface (rl4) ] 

8=1.0000 

A4=0.60586xl0 -4 

A6=0.32878xl0" 5 

A8=0.21370xl0" 6 

A10=-0.27707xl0" 8 
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A12=0.37140xl0" 10 
[0061] 

[Aspherical surface data concerning the 15th surface (rl5) ] 
8=1.0000 

A4=-0.15852xl0 -3 
A6=0.63471xl0~ 5 
A8=-0.49496xl0~ 7 
A10=0.15748xl0" 8 
A12=0.41834xl0 -10 
[0062] 

«Example 5» 
f=22. 6-70. 0-126.0 
FN0=5. 6-7. 39-10. 06 

[Curvature [On-axis [Refractive [Abbe number] 

radius] surf ace-to-su index] 



rface 



distance] 



rl=15.506 



dl=1.000 



Nl=l .84666 



vl=23.82 



r2=12.745 



d2=2.800 



N2=l .48749 



v2=70.44 



r3=51.354 



d3=l. 200-11. 131-15. 000 
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r4*=-60.847 



r5=10.002 



r6=11.811 



r7=21.590 



r8==» (A) 



r9=8.665 



rl0=-73.554 



rll*=22.821 



rl2=12.872 



rl3=125.081 



rl4=-10.135 



rl5*=-14. 652 



d4=0.700 N3=l. 77250 v3=49.77 



d5=1.300 



d6=1.500 N4=l. 84666 v4=23.82 



d7=7. 325-2. 590-0. 650 



d8=0.100 



d9=3.200 N5=l. 48749 v5=70.44 



dl0=0.100 



dll=1.200 N6=l. 84666 v6=23.82 



dl2=0.700 



dl3=2.500 N7=l. 48749 v7=70.44 



dl4=7. 625-2. 429-0. 500 
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dl 5=2. 4 0.0 



N8=l. 62017 



v8=24.01 



rl6*=-9.400 



dl 6=1. 050 



rl7=-8.081 



dl7=0.800 



N9=l. 75450 



v9=51.57 



rl8=~ 
[0063] 

[Aspherical surface data concerning the 4th surface (r4)] 
e=1.0000 

A4=-0. 1001 6x10"" 
A6=0.93649xl0" 6 
A8=-0.10184xl0" 6 
A10=0.35610xl0" 8 
A12=-0.43629xl0" 10 
[0064] 

[Aspherical surface data concerning the 11th surface (rll) ] 
£=1.0000 

A4=-0.29197xl0" 3 
A6=0.43934xl0" 5 
A8=-0.56811xl0" 6 
A10=0.20291xl0" 7 
A12=-0.30358xl0' 9 
[0065] 
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[Aspherical surface data concerning the 15th. surface (rl5) ] 
6=1.0000 
A4=0.12431xl0" 3 
A6=-0.38740xl0 -5 
A8=0.31104xl0~ 6 
A10=-0.54294xl0" 8 
A12=0.18213xl0" 10 
[0066] 

[Aspherical surface data concerning the 16th surface (rl6) ] 
8=1.0000 

A4=-0. 19989x10"" 
A6=0.20627xl0" 5 
A8=-0.88349xl0" 7 
A10=0.48446xl0" 8 
A12=0.76850xl0" 10 
[0067] 

[Corresponding values of the conditional expression (4) 
concerning the 11th surface (rll)] 

y=0.1ymax« • -(j»3' (N'-N) • (d/dy) • (x(y)-xO(y) }=-6 . 072xl0" 6 
y=0.2ymax> --$3> (N'-N) • (d/dy) • {x (y) -xO (y) . }=-4 . 806xl0" 5 
y=0.3ymax- > »$3« (N'-N) « (d/dy) »{x(y)-x0(y) }=-l . 601x10"" 
y=0.4ymax- • «<|>3- (N'-N) • (d/dy) • (x(y)-xO(y) }=-3 . 758x10"" 
y=0.5ymax> • «<|>3« (N'-N) • (d/dy) • (x(y)-xO(y) }=-7 . 339x10"" 
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y=0.6ymax- • ><|>3' (N'-N) • (.d/dy) >{x(y)-xO(y) }=-l . 286xl0" 3 
y=0.7ymax> • '<|>3« (N'-N) • (d/dy) • (x(y)-xO(y) }=-2 . 104xl0~ 3 
y=0.8ymax> • «<|>3' (N'-N) • (d/dy) • (x(y)-xO (y) }=-3 . 277xl0 -3 
y=0.9ymax- • >$3> (N'-N) • (d/dy) • (x(y)-xO(y) }=-4 . 918xl0" 3 
y=1.0ymax> • «(j)3' (N'-N) • (d/dy) • (x(y)-xO(y) }=-7 . 176xl0" 3 
[0068] 



[Table 1] 

«Corresponding values of conditional expression» 





Conditional 
expression 
(1) : fTxf2/fW 2 


Conditional 
expression 
(2) : 

(P4T/(34W) /(p2 
T/P2W) 


Conditional 
expression 
(3) : (34T/P4W 


Example 1 


-4.379 


1.811 


3.350 


Example 2 


-3.505 


2.077 


3.124 


Example 3 . 


-3. 958 


1.592 


2.907 


Example 4 


-4.189 


1 .582 


2.92 6 


Example 5 


-4.593 


1.793 


3.333 



[0069] 



[Effects of the Invention] As described above, according to 
the present invention, it is possible to realize a small-sized, 
high power zoom lens that has a zoom ratio of about 4.5 to 6. 
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[Brief Description of the Drawings] 

[Fig. 1] Lens arrangement diagram of the first embodiment 
(Example 1) . 

[Fig. 2] Lens arrangement diagram of the second embodiment 
(Example 2) . 

[Fig. 3] Lens arrangement diagram of the third embodiment 
(Example 3) . 

[Fig. 4] Lens arrangement diagram of the fourth embodiment 
(Example 4) . 

[Fig. 5] Lens arrangement diagram of the fifth embodiment 
(Example 5) . 

[Fig. 6] Aberration diagram of Example 1. 

[Fig. 7] Aberration diagram of Example 2. 

[Fig. 8] Aberration diagram of Example 3. 

[Fig. 9] Aberration diagram of Example 4. 

[Fig. 10] Aberration diagram of Example 5. 

[Description' of Symbols] 
Grl*' 'First lens group 
Gr2*» 'Second lens group 
A' * 'Diaphragm 
Gr3 • • 'Third lens group 
Gr4 • v • Fourth lens group 
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